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The purpose or this investigation was to stud,y the 
polarographic behavior or germanium in various aqueous 
solutions. In addition to the simple polarographic behavior 
or germanium some attention was given to the applications or 
polarography :for the development or an anlytical procedure 
ror its quantitative determination in zinc ore concentrates 
and spelter £ume materials. 
Germanium was discovered in 188 6 by Winkler who isolated 
it £rom the silver mineral argyrodite. From the element 
thus obtained Winkler determined its general chemical and 
physical properties and its place in the periodic system, 
thus con£irming Mendelee:f£'s predictions :for eka-silieon 
made in 1871. Germanium is rather widely distributed in 
nature and occurs in vary-ing amounts in most connnon sUl£ide 
minerals. In spite or its wide distribution, however, ger-
manium is not very abundant and is therefore connnonly classi-
£led as a rare element. 
The inorganic chemistry o£ germanium has not been 
investigated extensively. Much of" the in:formation in the 
literature is the result of" the e:fforts or only a :few 
inve s tigators, L. M. Dennis(l) and his associates contri-
(1) Penii:rs; L. M. -· and Hulse, R. E., J. Am. Chem. Soc., 52, 
3553-56 (1930); Dennis, L. M. and Johnson, E. B., J. Am. Chem. 
Soe. 45, l380 (1923). 
buting a large portion. Germanium di:ffers from the two pre-
- 2 -
ceding elements in Group IV in that it is distinctiy amphoteric. 
In alkaline solution germanium forms bivalent and quadrivalent 
acid radicals with oxygen and sulfur as well as with fluorine. 
Germanium also forms bivalent and quadrivalent basic com-
pounds with oxygen, hydrogen, nitrogen, sulfur and the halogens. 
In addition to the various inorganic compounds germanium also 
forms a series of organo-metallic compounds analagous to 
those of tin and lead. In genera l it can be said that the 
chemistry of germanium closely resembles that of tin. 
Up to the present time germanium has had relatively few 
applications. The therapeutical effect of germanium compounds 
in the treatment of anemia( 2 ) has received some attention. 
{2) Muller, J. H. and Iszard, Miriam s., J. Metabolic Res. 
3 181-99 (1923). 
The treatment of certain types of cancer with germanium has 
also been investigated.(3) Germanium is now finding some use 
(3) Ishiwara, Fusao, Gann. 21 1 (1927). 
in the manu.facture of certain types of electronic devices 
particularly in transistor tubes and vacuum tube rectifiers. 
Because of its unique electrical properties in the metallic 
s tate, g ermanium holds promise of increased application in 
the field of electronics. 
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REVI~V OF LITERATURE 
A search o:r the chemical literature reveals the scarcity 
o:r in:Cormation regarding the analytical chemistry o:r ger-
manium. The usual procedure for the quantitative determination 
o£ ge~um(4) is based on the classical method o:r dif:Cer-
(4) Dennis and Johnson,. J. Am. Chem. Soc !.§. 1380 (1923) 
ential distillation as GeC14 and . subsequent conversion to 
Ceo2 :ror weighing. By careful control of the temperature 
and by conducting the distillation in an atmosphere o:r 
chlorine, germanium may be separated :rrom all the common 
elements,including As and Sn.( 5 ) 
( 5 )·, Ibid. 
In addition to the above gravimetric method an iodometric 
method for the determination of germanium, and the simul-
taneous determination o:r arsenic as the element, has been 
described.( 6 ) The iodometric method involves the reduction 
(6) Ivanov-Emin, B. N., Zavodskaya Lab.~ 161-63 (1947) 
Chem. Abst. 42 480 (1948). 
o:r GeC14 to GeC1 2 in acid solution with sodium hypophosphite 
under which conditions arsenic is reduced to the metal and 
may be :filtered o:rr. The d i valent germanium i s titrated 
with standard iodine soluti on. The titration is carried 
ou t below 20° C to prevent reaction with the excess sodium 
hypophosphite. A preliminary separation o:r germanium from 
elements which are reduced by sodium hypophosphite must be 
- 4 -
made. 
Several colorimetric methods ~or the determination of 
germanium have been described in the literature. A method 
described by A1imarin and Iwano~r-Emin(7) involves the 
(7) Alimarin, I. P. and Iwano~r-Emin, B. N., Mikroche~e 21 
1 (1936-37). 
colorimetric measurement o~ the yellow heteropoly germane-
molybdate complex acid. The determination is best made in 
a nitric, sulruric or acetic acid solution and is claimed 
to be sufriciently sensitive ror the detection or 1 ppm or 
germanium. Several organic acids as well as many inorganic 
substances tend to bleach the yellow color and thererore 
must not be present. A prior separation o~ germanium by 
the distillation method described above must be made. A 
second color~etrio method reported by Poluektov(S) 
(8) Poluektov, N. s., z. Anal. Ghem. 105 23 {1936). 
measures the color of the molybdenum blue complex produced 
from the reduction of the heteropoly germane-molybdate with 
rerrous sulrate. This method is especially suitable £or the 
determination or germanium in the absence of arsenic and is 
not especially suitable £or high concentration or germanium. 
Since silicon dioxide and phosphorus interfere a prior 
separation or germanium must be made . 
During recent years the polarograph has become an 
important tool in analytical chemistry. A survey of the 
recent literature emphasizes the number of analytical 
- 5 -
procedures based on polarography. Kolthorr and Lingane(9) 
(9) Koltho.f.f, I. M. and Lingane, I. J., Polarography, lst 
edition, revised reprint Interscience Publishers, N. Y. c. 
(1946). 
discuss the polarography o.f 53 elements. Since the date o.f 
this publication much additional data has been published. A 
great deal o.f the work has been done on organic substances. 
Thus rar only one re.ference(lO) to the polarography of 
(10) Alimarin, I. P. and Ivanov-Emin, B. N., J . App. Chern. 
U. S.S.R. 17 204-12 (1944); Chern. Abst. 39 29339 (1945). 
- -
germanium has appeared in the chemical literature. An 
abstract o.f this publication indicates that aeiV is not 
reducible at the dropping mercury electrode. It was re-
ported, however, that Geii produces a well de.fined wave in 
6 Normal HCl at a reduction potential of - 0 . 45 to -0 . 50 
volts, and that the potential becomes more positive at 
lower acid concentrations and more negative at higher acid 
concentration. The GeiV in hydrochloric acid solution is 
reduced to Geii with sodium hypophosphite. As, Pb and Sn 
inter.fere with the determina tion. 
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MATERIALS AND EQUIPMENT 
MATEBIALS 
The Germanium DiGxide used in the experimental work 
was furnished by the Eagle-Picher Company and corresponded 
to their extreme purity electronic grade product. 
The Sodium Hypophosphite used for the reduction of GeiV 
was Baker and Adamson, reagent grade, Code #2258. 
T.he Nitrogen used for sweeping out oxygen was commercial 
grade, water pumped. Before being used it was passed through 
alkaline pyrogallal, sulfuric acid and distilled water. 
The Mercury used in the construction of the dropping 
mercury electrode was Baker and Adamson, redistilled, reagent 
grade and met with ACS specifications. 
All other chemicals used were laboratory reagent grade 
and were used as received from the supplier. 
EQUIPMENT 
· calibrated volumetric glassware was used for liquid 
measurement in all experimental work. All other glassware 
used was of standard manufacture and equipped with ground 
glass joints. 
The hot plate used for heating the samples was AC line 
operated capable of temperatures to 120° c. 
The constant temperature bath used in conjunction with 
the dropping mercury electrode consisted of an 18 liter glass 
jar equipped with a bayonet type heater, an adjustable thermo-
stat and a mechanical stirrer. All measurements were made 
- 7 -
at 25 ~ .2° c. 
The dropping mercury electrode consisted or a capillary 
tube attached to a buret with a side arm near the bottom. 
The mercury level in the buret was maintained at constant 
level by means or a mercury reservoir connected to the side 
arm of the buret wi th Neoprene tubing. The capillary was 
attached to the end of the buret by means of a coupling of 
Neoprene tubing. 
A saturated calomel electrode was used as a rererence 
electrode with a 3~ agar-saturated potassium chloride salt 
bridge providing contact with the cell containing the test 
solution. The saturated colomel electrode with the 3% agar-
saturated potassium chloride salt bridge was checked against 
thallous nitrate in 0.1 Normal potassium chloride solution 
and gave a half•wave potential of -0.49. 
The solution cell consisted or a 50 ml. tall form beaker 
provided with a 3-hole PUbber stopper to accommodate the salt 
bridge, capillary and an intake tube for nitrogen. 
The polarograph used was the Sargent-Heyrovsky, Model 




THE HYDROCHLORIC ACID SYSTEM 
T.be single rererence in the literature(ll) with respect 
(11) Alimovin• I. P. and Ivanov-Emin, B.N., J. App. Che~ 
U. s .s.R. !1 204-12 (1944); Ghem. Abst. ~ 29339 (1945). 
to the polarography or germanium is concerned with the re-
duction or GeiV at the dropping mercury electrode in a 
hydrochloric _acid medium. aeiV was reduced to Qeii with 
sodium hypophosphite. It was decided that attention should 
first be given to verirication of the data reported in this 
publication and an attempt &~- a more precise determination 
of the half-wave potential should be made . T.he reduction 
potential was reported as -0.45 to -0.50 volts in 6 Normal 
hydrochloric acid. 
A .01 molar GeiV stock solution was prepared. 1.046 
gms. or germanium dioxide were dissolved in dilute sodium 
hydroxide , the sodium hydroxide was neutralized with hydro-
chloric acid and the resulting solution diluted to 1000 ml. 
The stock solution was stored in a paraffin lined bottle to 
prevent possible reaction with the glass . Portions of the 
stock solution were withdrawn as required. 
Since no precise information as to the conditions for 
the reduction or GeiV with sodium hypophosphite was reported 
a solution or 10 ml •• ol molar GeiV, 4 gms. sodium hypophosphite, 
5 ml •• 1% gelatin solution, 50 ml. 12 Normal hydrochloric acid 
diluted to 100 ml. with distilled water was run polaro-
- 9 -
graphically. The recorded polarogram indicated that GeiV 
was not reduced under these conditions. An examination of 
the method or Dennis and Hulse< 12 ) ror the production of 
(12) Dennis.L. M. and Hulse, R. E., J. Am. Ohem. Soc. ~ 
3553-56 (1930). 
germanium monosulfide and monoxide indicated that sodium 
hypophosphite was effective in reducing aeiV only in hot 
solution. 
A second solution of 10 ml •• 01 molar aeiV, 4 gms. 
sodium hypophosphite and 50 ml. 12 Normal hydrochloric acid 
was diluted with distilled water to approximately 65 ml. in 
a 125 ml. Ehrlenmeyer flask. This solution was heated at 
75-80° C for about 1 hour. Five milliliters .1% gelatin 
solution was added and the volume brought to 100 m1. with 
distilled water. The polarogram recorded for this solution 
indicated that the GeiV had been reduced to Ge 11 by the 
sodium hypophosphite. The half-wave potential and diffusion 
current were not determined from this polarogram. 
To determine the shift in half-wave potential with acid 
concentration, as reported by Alimovin and Ivanov-Emin(l3), 
(13) Alimovin, r. P. and Ivanov-Emin, B. N., Op. cit. 
a series of solutions 1 millimolar Gerv concentration was 
prepared in which the rinal acid concentratio~were 3, 4, 5 
and 6 Normal in hydrochloric acid. The procedure outlined 
above was followed in the preparation of the samples. Tb 
mini~ze loss of germanium by volatilization of germanium 
- 10 -
TABLE 1 









6 Normal -0.52 volts 
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tetrachloride during the heating process the solutions were 
continuously refluxed under Graham condensers. The solutions 
were heated at 7 5-80° C. for about 1 hour and each was 
cooled in a beaker of cold tap water prior to removal from 
the hot plate. All four solutions were removed from the 
hot plate in a continuous single operation and allowed to 
stand at room temperature. The four solutions were polaro-
graphically analyzed in a single continuous operation. The 
recorded polarogram verified the reported shift in half-
wave potential with acid concentration. The overall effect 
is illustrated in figure (1) and table 1. To deter~ne the 
dependence of' reduction of' aeiV to aeii on acid concentration 
a 1 millimolar GeiV solution in which the final acid 
concentration was 0 normal was prepared and treated in the 
same manner as above. The recorded polarogram gave no 
evidence of' the reduction ot: aeiV which indicated that an 
acid concentration is a necessary condition for the reduc-
tion. 
The above polarogram showed evidence for a shift in 
diffusion current with acid concentration. In order to 
determine the diffusion current constant a series of' 
solutions of' varying GeiV concentrations was prepared. A 
final acid concentration of 5 normal· was selected as the 
optimum acid concentration t:or study. Solutions .3, . 5, 
• 7 and • 9 millimolar in GeiV were prepared and treated in 
the manner described above. The recorded polarogram gave 
- 13 -
no evidence of a constant diffusion current-concentration 
ratio nor of any simple explanation for the peculiarity in 
polarographic behavior. Additional samples of difrerent 
GeiV concentrations showed the same inconsistency in 
diffusion current-concentration ratio. 
Since aeii is known to be unstable it was decided to 
test tl1e effect of standing on the reduced samples. A series 
of samples of different GeiV concentration was prepared and 
treated by the same procedure as that above. Polarograms 
were recorded and the solutions remaining were allowed to 
stand overnight. A second polarogram was recorded for the 
same solutions the following day. Comparison of the two 
polarograms indicated that long standing reduced the con-
centration of Geii in solution. In order to test the effect 
or the short period of standing after heating on the reduced 
samples it was decided to polarographically analyze the 
samples as soon as possible after removal from the hot plate . 
A second series of deterrndnatio~was run as above. Tore-
duce any air oxidation which might occur in the time inter-
val between remova~ from the hot plate and the polarographic 
analysis the oxygen in the distilled water employed for 
dilution was swept out with nitrogen. The oxygen in the 
volumetric flasks was also displaced with nitrogen. As a 
final measure of precaution the dissolved oxygen in the 
solutions was displaced by bubbling nitrogen through the 
solutions for 5-10 minutes just prior to polarographic 
treatment. 
- 14 -
The subsequent deter minations were made using the 
precautions outlined above. The results or dirrusion 
current experiments are shown in table 2. A plot or 
dirrusion curr ent vs concentration is shown in rigure 2. 
A typical polarogram showing the dirr usion current-
con centration relationship is illustrated in rigure 3. 
Ge 
TABLE 2 
POLAROGRAPHIC REDUCTION OF GERMANIUM IN 5 NORMAL 
HYDROCHLORIC ACID 
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The Pola ro~raphi c Reduction of Ge ii in 5 Normal 
.1:1ydroc hloric Jl.c i d. (l) 2 .0 millimol a r Ge cone., 
{II) 1.5 millimol a r Ge cone.; (III) 1.0 millimolBr 
Ge c one.; (IV) 0 . 5 millimolar Ge con e. 
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.THE PHOSPHORIC ACID SYSTEM 
In an e!"f'ort to obtain further data regarding the 
polarographic behavior of' germanium the polarographic 
reduction of Geii in other acid systems was investigated. 
Ortho-phosphoric acid was selected as one of the ~stems 
. . 
to be investigated f'or several reasons; first, phosphoric 
acid is non oxidizing and consequently there should be 
no loss of' sodium hypophosphite from reaction with the 
acid medium, and, second, sodium hypophosphite, and its 
oxidation products, are more closely allied with phosphoric 
acid than any other common acid. It was recognized however 
that phosphoric acid possessed limitations as an acid 
medium in analytical procedures since many of the common 
metal phosphates are insoluble and would thus limit the use 
of phosphoric acid in the treatment of' germanif'erous 
materials containing elements whose phosphates are insoluble. 
A 0.01 molar GeiV stock solution was prepared by dis-
solving 0.536 gms germanium dioxide in dilute sodium 
hydroxide, the sodium hydroxide was neutralized with phos-
phoric acid and the resulting solution diluted to 500 ml. 
The polarographic reduction of' Geii in phosphoric acid 
medium was to be immediately investigated and f'or this 
reason the stock solution was not stored in a paraf'f'in 
lined bottle. At a later date however a re-investigation 
of the phosphoric acid system employing the stock solution 
prepared above was undertaken and the results were very 
- 19 -
erratic. Preparation or a new stock solution and its 
immediate use indicated that changes in the composition of 
the stock soluti on had occurred on standing in the unlined 
bottle. It is recommended that in the event of t h e necess ity 
for preparation or germanium stock s olutions i n bulk that 
they be stored in paraffin lined containers. 
Since all experimental work involving acid media , other 
than hydrochloric acid, was to be original it was dec i ded to 
follow the same procedure for t h e other acid systems as that 
established for hydrochloric a c i d. A solution consisting or 
10 ml. or o.Ol molar GeiV stock solution, 13.7 ml . 85% phos-
phoric acid and 5 ml. 0.1% gelatin solution diluted to 100 ml . 
with distilled water was polarographically analyzed. The 
resulting polarogram indicated that GeiV was not reduced a t 
the dropping mercury electrode in phosphor ic acid. 
To test the applicability of phosphoric acid as a reaction 
medium for the polarographic reduction of Geii a solution 
con sisting of 10 ml . 0 . 01 molar GeiV stock solution, 4 gms . 
sodium hypophosphite and 13.7 ml. 8 5% phosphoric acid was 
diluted to approximately 65 ml. in a 125 Ebrlenmeyer flask 
and continuously refluxed at 75-80° C f or about 1 hour. The 
solution was cooled in a beak er of cold t ap water prior to 
removal from the hot plate. 5 ml . or 0 .1~ gelatin solution 
was added and t he v olume brought to 100 ml . wi th disti l led 
water. The recorded polarogram for this sol ut i on indi c a ted 
t hat GeiV h a d been redu c ed to Geii by t he sod i um hypophosp~te 
- 20 -
TABLE 3 
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The Polarographic Reduction of Geii in (I) 3 Norma l 
Phosphoric Acid; (II) 4 Norma l Pllospnoric Acid; 
(III) 5 Norm.E.J l Phosphoric Acid; (IV) 6 Norma l 
Phosphoric Acid. 1 millimol a r Ge con centr c;t ion. 
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and that aeii was polarographically reduced in phosphoric 
acid medium. Having established the applicability o£ 
phosphoric acid as a reaction medium the relationship of 
acid concentration to half-wave potential and the diffusion 
current-concentration ratio remained to be investigated. 
A series or solutions or 1 millimolar aeiV concentration 
with final acid concentratiomor 3, 4, 5 and 6 normal in 
phosphoric acid was prepared. The procedure outlined in 
the "hydrochloric acid system11 was ro~lowed for the prepara-
tion or samples. The precautions to prevent loss of 
germanium by volatilization and to reduce air oxidation of 
the reduced samples were employed as before. The four 
solutions were removed from the hot plate one at a time and 
polarographically analyzed as soon as possible therearter. 
The recorded polarogram indicated that the half-wave potential 
was constant over the range of acid concentrations investi-
gated. The results or this experiment are illustrated in 
table 3 and figure 4. 
The diffusion current-concentration ratio was determined 
by another series of e~eriments. A 6 normal phosphoric acid 
concentration was arbitrarily chosen £or the diffusion current 
experiments. Samples or different g ermanium concentrations 
were prepared in a manner similar to above in which the final 
acid concentration was 6 normal in phosphoric acid. The 
results of the polarographic analysis o£ thes e samples with 
respect to the constancy of the diffusion current-concentration 
- 23 -
r atio are shown in table 4 and figure 5. Figure 6 illustrates 
the constancy of the di£rusion current-concentration ratio 
over the range o.s to 2 ~llimolar germanium concentration. 
- 24 -
-TABLE 4 
POLAROGRAPHIC REDUCTION OF GERMANIUM IN 6 NORMAL PHOSPHORIC 
ACID 
. - Id 
Ge Conc. 1 m.il1imolu Di:r:rusion Current,~ microam:12eres 1r 
.1 .os .so 
.2 .22 1.08 
.3 .57 1.90 
.4 .88 2~19 
.. 5 1.26 2.53 
.6 1.55 2.58 
.7 1.81 2.59 
.8 2.21 2.76 
1.0 2.81 2.81 
1.5 4.51 3.06 
2.0 5.93 2.96 
m2/3t1/6 :::: 1.614 in 6 Normal Phosphoric Acid at -0.56 volts. 
- 25 -l ...;.__i -+------....!1 ~-l .. _ . ~ .. 1 ~ J. . .. 1 ~T-, -~, 
i - T i . I ;. ·t-· . l-- -+1 ---1----,---! ·- --+1 ---t:---~ I I .. f--- - - -----+-.-.;....-!--_;__--+- --+---+-- ....., - I 
: I 
• 1 ·l··· 1 l l 
- --L--+-~i 6~11--..._-+-+--+---+-+---t--~--r----+----t-----'1~--;--~-; . I. --
1 I i I l' .. i I i /' I 
' I 
.. ' ··. 
. - i i . -· _- . . -: --t~--- --+--: -- -,.~---- --+-v---+. -+-- - -+-----,----
f- . ! __ --~ _ --,----i ·'r~.~ Ph~ts.p~9;~1.c ~~Ld , _S_y_s_t.llJ:n ;·-- :--
:. I' : .. , I I - : . . j.. . I ·-~'· -+~-4~i--~~i· -+--~ -4,-4!--~~: -+~ ---+~~~- ~~ i l 
. 8 . .... i_ I ·· '·· · . : I. ! I : ! ' 
~ i . : . I ' ! I G _: A ; ! : : ' ' J -l~-- --,--r---r·-- ----~--- ----· r ·; -· -------- ---- r ---- . j- . : ... 
~ ! I j i l i 




-----1- -+-----i--- -'--·-~ i ·+--· I i 
1----ti- +__J__ 1-- --t'-+----+-·- :..__ J. -· .. --· I I 
--- ·1 -- -1' 1 i 
































....... 1 Q 
0 
- 26 -
; ' I 
,,,4••'' ' ' ' ' ' 1 14tlttlftfff;f~f 
,•• I 
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.Ap J! l ied Potential, volts, v s SC~ 
Fif'U Y'P 6 
PolProg r a n hic Reduction nf Geii in 6 Norm&l 
Phosp~oric Acid. (I ) 2 . 0 mill i mo l a r Ge cone.; 
(II) 1.5 millimolbr Ge cone.; (III) 1. 0 millimol Fr 
Ge c one.; (IV) 0 .5 millimn l ~ r Ge c one. 
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THE SULFURIC ACID SYST~d 
Because of the oxidizing tendency of sulfuric acid in 
hot solution its applicability .as an acid medium for the 
polarographic reduction o£ aeii was considered doubt£ul. 
Since sulfuric acid is an important reagent in analytical 
chemistry, however, its investigation for the above named 
purpose was undertaken. 
A 0.01 molar stock solution was prepared by dissolving 
0.536 gms. germanium dioxide in dilute sodium hydroxide, the 
sodium hydroxide was neutralized with sul£uric acid and the 
resulting solution diluted to 500 ml. with distilled water. 
The stock solution was stored in a para£fin lined bottle 
from which portions were withdrawn as required. 
The possibility o£ polarographic reduction o£ GeiV in 
sul£uric acid solution was investigated and the resulting 
polarogram indicated, as with hydrochloric and phosphoric 
acid, that GeiV was not reduced in sul£uric acid solution. 
The applicability of sul£uric acid for the polarographic 
reduction of Geii after reduction of aeiV to aeii with 
sodium hypophosphite was tested in a manner similar to that 
described in the "phosphoric acid system." The £inal 
sulfuric acid concentration £or the eA~eriment was 6 normal. 
The resulting polarogram indicated that GeiV had been re-
duced to aeii by sodium hypophosphite and that Geii was 
polarographically reduced in the acid concentration employed. 
The applicability or the sulruric acid system having been 
established f'urther experiments to determine half'-wave 
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potentials and di1'fusion current characteristics were con-
ducted by procedures s~ilar to those employed in the hydro-
chloric and phosphoric acid systems. The sulfuric acid 
concentration for d11'fusion current studies was arbitrarily 
chosen to be 6 normal. The results of these exper~ents 
are shown in tables 5 and 6 and rigures 7 and s. Figure 9 
illustrates the constancy or the fti1'fusion current-concen-
tration ratio over the range o.s to 2 millimolar germanium 
concentration. 
In preparing the samples for refluxing it is recommended 
that the sulfUric acid be added slowly and in small portions 
with cooling of the solutions between each addition. In 
several instances the heat of solutiqn of sulfuric acid was 
sufficient to cause the reduction of sulfuric acid to free 
sul:f'ur. The free su11'ur produced was in the colloidal state 
and rendered the samples unusable for polarographic analysis. 
After refluxing it was noticed that the heated solutions 
possessed a distinct odor of hydrogen sulfide. Since the 
only source or sulrur in the reaction mixtures was the 
sulfuric acid it was concluded that the sodium hypophosphite 
in excess or the amount necessary to reduce the aeiV to 
oeii was expended in reducing sulfuric acid to hydrogen 
sulfide. To test this hypothesis aliquot portions or the 
solutions remaining from the experiments on half-wave potential 
determination were titrated with standard sodium hydroxide. 
The results of the titrations indicated that the sulfuric 
acid concentration had decreased from the amount calculated 
- 29 -
TABLE 5 










. 4. 80 Normal. 
Half-wave Potential, 





6 Normal 5.80 Normal •0.45· ·vol. ts 
m2/3tl/6 = 1.573 in 6 Normal. Sulfuric Acid at -0.45 volts. 
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TABLE 6 
POLAROGRAPHIC REDUCTION OF GERMANIUM IN 6 NORMAL SULFURIC ACID 
Id 
Ge Cone., mi1l~o~es Dirrusion Current, microamperes ~ 
.3 .59 1.96 
3.75 
~6 2.08 
~7 2.52 3.60 
.a 3.04 3.80 
1.0 3.26 3.26 
1.5 5~23 
3.60 































-0.3 -0.4 -0 .. 5 · -0.6 -0.7 -0.8 
Applied Potential, volts, vs SCE 
FigUPe 7 
The Pola rogra phic Re ri uct i on of Ge ii i n (I) 3 Nor mAl 
s ulfur i c Ac id; ( I I) 4 Normfl l Su lfur i c Acid; 
(III) 5 Nor maJ Sul furic Acid; (IV) 6 Norma l 
s ulfu r ic Acid. 1 m i -l.limola r Ge c oncPn t r a t i on . 
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Figure 9 
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Th e Pola rographic Reduction of Gei i in G Norma l 
sulfuric Acid. (I) 2 .0 milli mo l a r Ge cone.; 
(II) 1 .. 5 millimolar Ge con e. ; (II I ) 1 . 0 mill i mola r 
Ge c o ne.; (IV) 0 . 5 millimola r Ge cone. 
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ror the final acid concentration~ These results are shown 
in table 5. Since the halr-wave potential remained constant 
for changes in acid concentration it was decided that mea-
sures to correct for the decrease in sulfuric acid concentra-
tion were not necess~. 
- 35 • 
OTHER ACID SYSTEMS INVESTIGATED 
In addition to the three acid systems discussed an 
at~empt was made to investigate the polarographic char-
acteristics of germanium in nitric and perchloric acids. 
Having assumed that GeiV would not be polarographically 
reduced in a nitric acid solution a series of four solutions 
of 1 millimolar GeiV concentration each containing 4 gms. 
sodium hypophosphite and sufficient nitric acid to give a 
final acid concentration of 3, 4 , 5 and 6 Normal was pre-
pared. Each flask containing the GeiV stock solution and 
sodium hypophosphite was cooled in tap water before adding 
the nitric acid. No evolution of nitric oxide was observed 
from the cold solutions however after slight warming on the 
hot plate the solutions became colored an intense green 
indicating the reduction of nitric acid. The solutions 
were immediately removed from the hot plate and after a 
short time the presence of nitric o~de was observed in the 
flask. It was concluded that the reduction of nitric acid 
preceded the reduction of GeiV to Geii since the solutions 
were only slightly warm and that the sodium hypophosphite 
was expended in reducing nitric acid. T.he solutions were 
discarded without any further treatment and no further 
investigation of the nitric acid system was undertaken. 
Using perchloric acid a similar series of solutions 
was prepared and since no visual evidence of failure to 
reduce the GeiV to Geii was noted the solutions were taken 
through the polarographic analysis. The results of the 
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polarographic analysis however were or no value since the 
perchloric acid reacted with the saturated potassium 
chloride-agar salt bridge to yield insoluble potassium 
perchlorate. The presence of the insoluble material at the 
solution-salt bridge junction makes a polarographic analysis 
impossible by inhibiting the rlow or current through the 
cell. Further investigation of the perchloric acid system 
was not undertaken. 
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POLAROGRAPHIC DETERMINATION OF GERMANIUM IN ZINC ORE CONCENTRATE 
AND SPELTER FUME MATERIAL 
The polarographic characteristics o'£ germanium in various 
acids having been determined the application of polarography 
to the determination of germanium in zinc ore concentrate and 
spelter '£ume material was undertaken. Samples for the 
experimental work for this purpose were provided by the Eagle-
Picher Company and represented typical materials encountered 
in zinc production operations. The ore concentrate and 
spelter '£ume samples contained 0.018% and 0.21% germanium 
respectively in addition to much larger percentages of zinc, 
cadmium and lead. 
Of the elements accompanying germanium in the sample 
it was suspected that only the lead would inter'£ere in the 
polarographic determination ?f the germanium. To test this 
assumption a solution of equal GeiV and Pbii concentrations 
in 5 Normal hydrochloric acid was prepared and subjected to 
the usual treatment. The resulting polarogram confirmed 
the above predictions and further indicated that the half-
wave potentials of aeii and Pbii were not widely enough 
separated to allow resolution of the polarographic wave 
into its component parts. This result is illustrated by 
polarogram ( I ), figure 10. 
Since the hydrochloric acid system was most applicable 
for the determination of germanium an attempt was made to 
find a suitable complexing agent which would effectively 
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Figure 10 
Polarograp£ic waves illus t rating t he effect -ofithe pr e s enc e 
gf Pb on t he Half-wave Potential of Ge • {I) 0.5 millimol a r Ge c one. with 0.5 millimolar 
Pb cone. i n 5 Norma l avctroc hloric Acid; (II) 0 . 5 
millimo l a r Pb c 0n c. in 6 Normal Sulf1Jr c Acid ; 
(III) 0.5 millimolQr Ge cone. with 0.5 millimola r 
Pb c one. in 6 Norma l Sulfur c Acid . 
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acids, including citric, tartaric and oxalic, were tried for 
this purpose and proved of no value. 
The idea of complexing the Pbii was abandoned and it 
was decided to attempt a prior separation of lead by analytical 
methods. Since in many cases lead is commonly deterndned as 
the sulfate an investigation of the sulfuric acid system was 
considered advisable. A solution consisting of 5 ml. of 
0.01 molar Pbii solution, 4 gms sodium hypophosphite and 
16.6 m1 36 Normal sulfuric acid was prepared and treated in 
the same manner as the GeiV solutions. A polarogram of this 
solution indicated that the solubility product equilibrium 
concentration or Pbii ions in solution was sufficient to 
give a small diffusion current. A similar solution con-
taining 5 ml. 0.01 molar aeiV, in addition to the 5 ml. 
0.01 molar Pbii solution, was prepared in the same manner. 
The polarogram of this solution revealed that the solubility 
of Pbii in the presence of aeiV was completely suppressed. 
Measurement or the diffusion current and comparison with the 
diffusion current for an equal concentratio~ germanium in a 
similar acid concentration revealed that the Pbii made no 
contribution to the total diffusion current. These results 
are indicated by po1arograms (II) and (III), figure 10. 
Aside from being of general interest these results were re-
garded as being of little value since in the most favorable 
material sample the lead:germanium ratio was 35:1 whereas 
in the experimentally prepared sample the ratio was 1:1. 
Because of the large lead:ger.manium ratio in the natural 
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samples the prior separation of lead as the sulfate was 
considered unadvisable due to co-precipitation and occlusion 
of germanium in the precipitate. 
The electrolytic deposition of lead dioxide as a possi-
ble means for the prior separation of lead was investigated. 
A sample of spelter fume material was prepared for electro-
lytic treatment b7 the usual analytical procedure for the 
electrolytic deter~nation of lead. The solution was 
electrolyzed for two hours and the electrodes removed and 
washed with distilled water. A known volume of sulfuric 
acid was added to the solution remaining after electrolysis 
and the solution was evaporated to fumes of so3 to destroy 
the nitric acid and nitrates present. After evaporation the 
sulfuric acid solution was diluted with distilled water and 
transferred to a 125 m1. Ehrlenmeyer flask. Four grams 
sodium hypophosphite and sufficient sulfuric acid to in-
crease the acid concentration to approximately 6 Normal was 
added and the volume brought to about 65 ml. From this 
point the sample was treated in the same way as the samples 
described in "the sulfuric acid system." The polarogram o:f' 
this solution indicated that the lead had been removed, 
however the germanium concentration calculated from the 
diffusion current for aeii was considerably less than that 
calculated from the known percentage of ger~um in the 
original sample. The decrease from the expected germanium 
concentration was attributed to failure to place all the 
germanium in solution initially and also to mechanical loss 
- 41 -
during the preceding operations. In addition, the high 
percentage of cadmium present in the solution tended to 
cause the polarographic wave for Cdii to begin at a potential 
fairly close to that for aeii making an exact determination 
of the limiting current plateau for the aeii rather difficult~ 
The conclusion drawn £rom this experiment was that the 
electrolytic separation o£ lead was too lengthy to offer 
any advantage in saving o£ time and that a high percentage 
of cadmium in the original sample presented difficulties in 
an exact measurement of the aeii diffusion current. 
After it was found that methods for the removal of lead 
from the samples were ineffective it was decided to resort to 
the separation of germanium by the usual distillation method(l4) 
(14) Treadwell, F. P. and Hall, w. T., "Analytical Chemistry" 
Vol II 9th English edition, John Wiley & Sons, Inc., New 
York, {1942); Personal Communication, H. R. Harner, Eagle-
Picher Company. 
and to determine the GeiV in the distillate polarographically. 
The spelter fume sample was selected for the distillation 
because it contained a higher percentage o£ germanium and 
would require a smaller sample. The usual analytical pro-
cedure £or the determination o£ ger.mandum involves the pre-
cipitation o£ the aeiV in the distillate as the sulfide and 
the final volume resulting from the distillation is not 
critical . For the polarographic determination of aeiV in 
the distillate however as small a volume as possible is 
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advisable to keep the aeii concentration wit~n the l~its 
or the sensitivity or the polarographic analysis. By a 
modirieation or the distilling apparatus a reduction to a 
rinal volume or 250 mJ. for the polarographic analysis ·::-~ ;~ 
was attained. The distillation rlask employed was a 500 mJ. 
3-neek round bottom rlask. .A dropping funnel for the addi-
tion of hydrochloric acid and an inlet tube ror chlorine 
were inserted in the outside necks of the distillation 
flask. A distilling head to which was attached a Liebig 
water condensor was inserted in the middle neck. A connect-
ing tube attached to the bottom of the condensor led to the 
bottom of a 250 ml. round bottom receiving flask. A 125 ml. 
Ehrlenmey&r flask connected to the 250 m1 round bottom 
flask served as a second receiving flask to retain any 
vapors escaping from the first receiving flask. Both re- • • 
ceiving flasks were cooled in an ice bath during the distilla-
tion. The distillation was performed in the manner prescribed 
in analytical textbooks(l5) ror the determination of germanium. 
(15) Ibid. 
It was decided to carry out several distillations and to hold 
over the distillates from the several distillations so that 
the chlorine in solution would be dispelled thereby requiring 
less sodium hypophosphite and so that a single set of polaro-
grams could be obtained on the .same photographic paper 
allowing for greater ease of comparison of results. After 
making three distillations the distillates were treated in 
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the same manner described in the "hydrochloric acid system"~ 
a £1na1 dilution to 250 ml. was made and the solutions 
polarographically analyzed. The resulting polarograms 
indicated that the germanium had been completely lost from 
the £irst distillate, which had stood the longest, and that 
the diffusion current for the second distillate was less 
than that for the third distillate. This peculiar behavior 
was attributed to the loss o£ GeiV by .vaporization in which 
the chlorine in solution served in a s~ilar capacity as 
steam in a steam distillation. It was concluded that 
immediate treatment of the distillate was necessary to re-
duce loss of aeiV due to this phenomenon. 
Another distillation was conducted and the distillate 
treated immediately. The amount of sodium hypophosphite 
added to the solution was increased to 8 gmB to compensate 
for loss of sodium hypophosphite due to the reduction of the 
chlorine in the solution. The polarogram of this distillate 
gave a diffusion current which corresponded to approximately 
50 per cent of the germanium reported in the sample. Another 
distillation was conducted and again the distillate was 
treated ~ediately. The amount of sodium hypophosphite was 
increased to 10 gms. The polarogram of this distillate gave 
a diffusion current which corresponded to approximately 75 
per cent of the reported germanium. Another distillation 
was carried out and the amount o£ sodium hypophosphi te added 
to the distillate was increased to 12 gms. The polarogram 
of thi.s distillate again gave a germanium concentration of 
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approximately 75 percent o£ the reported value. The 
polarographic analysis of the last wo distillations gave 
results which were considered as being within the allowable 
deviation £or usual analytical procedures. The results of the 
six distillations conducted are shown in table 7. 
It was planned to prepare synthetic samples containing 
germanium, zinc, cadmium and lead and to analyze these 
samples for ger.manium by distillation and polarographic 
reduction, however due to limited time this was not accomplished. 
By this procedure a cheek on the analytical data, furnished 
by the Eagle-Picher Company, £or the spelter fume material 
could be made as weli as on the distillation technique. The 
possibility that the precipitation method usually employed 
does not give results which represent the actual germanium 
content should be investigated. It is also possible that the 
sample furnished by the. Eagle-Picher did not truly represent 
the material covered in their analytical data. 
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TABLE 7 
ANALYSIS OF FUME SAMPLE BY DISTILLATION AND POLAROGRAPHY 
gms. NaH2P02 i{ Ge reported % Ge :round 
Distillation added. to _ (Eag1e-Picher po1arographic 
Number distillate . Analysis) analysis 
1 4 Samples gave no 
2 4 measurable results 
3 4 0.21 o.o75 
4 8 0.21 0.090 
5 10 0.21 0.15 
6 12 0.21 0.15 
CONCLUSION 
aeiV is not polarographically reduced in acid or 
neutral solution. 
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aeii is polarographically reduced in hydrochloric acid 
solution. The hal~-wave potential is dependent on acid 
concentration. The diffusion current-germanium concentra-
tion ratio gives a constant value. The lower lillrl.t ~or the 
polarographic determination of Geii was round to be lo-4 
molar; the upper limit is deterndned by characteristics o~ 
the polarograph. Polarographic methods are applicable for 
the determination of low concentrations o~ germ~um in 
hydrochloric acid. 
aeii is polarographically reduced 1n phosphoric acid 
solution. The half-wave potential is independent o~ acid 
concentration. The diffusion current-germanium concentration 
ratio gives a constant value. The lower limit for the polaro-
graphic determinati~n of Geii was found to be 2 x lo-4 molar; 
the upper limit is determined by the characteristics of the 
polarograph. Polarographic methods are applicable to the 
determination o~ low concentrations of germanium in phosphoric 
acid. 
aeii is polarographically reduced in sulfuric acid 
solution. The ha~-wave potential is independent of acid 
concentration. The diffusion current-germanium concentration 
ratio gives a constant value. The lower limit for the 
. II 10-4 polarographic determination of Ge was found to be 3 x 
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molar; the upper limit is determined by the characteristics 
of the polarograph. Polarographic methods are applicable to 
the determination of low concentrations of germanium in 
sulfuric acid. The rapid addition of sulfuric acid to the 
solution or aeiV and sodium bypophosphite causes the forma-
tion of colloidal sulfur. Sulfuric acid is reduced to 
hydrogen sulfide by the sodium bypophosphite in hot solution. 
'!'he nitric and perchloric acid systems are not suitable 
for the polarographic determination of germanium. 
It is believed that with an improved separation method 
or an ~roved distillation technique that the polarographic 
method £or the determination of germanium could be used ~o 
a great advantage in the analysis of ge~ferous materials. 
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(1) The chemistry and polarography o:r germanium wa.s studied. 
( 2) The polarography of: germanium in hydrochloric acid 
solution was investigated in the presence and absence ot: 
sodium hypophosphite. 
(3) The shit:t in halt:-wave potential with change in hydrochloric 
acid concentration was observed. The dift:usion current/ 
germanium concentration constant was determined. 
(4) The halt:-wave potential :Cor the polarograp~c reduction 
ot: Geil in phosphoric acid solution was .measured. The 
dit:t:usion current/germanium concentration constant was 
determined. 
(5) T.he halt:-wave potential t:or the polarographic reduction 
ot: Geii in sult:uric acid solution was measured. The 
di:Ct:usion current/germanium concentration constant was 
determined. 
(6) The applicability ot: nitric and perohloric acid solutions 
:Cor the polarographic reduction of: Geii was investigated 
and t:ound to be unsatist:actory. 
( 7) An attempt to polarographically reduce GeiV in hydrochloric, 
phosphoric and sul:Curic acid solutions was made ahd t:ound 
to be unsuccess:Cul. 
(8) The application ot: polarographic methods to the determina-
tion ot: germanium in zinc ore concentrate and spelter i'ume 
material was investigated and t:ound to be satisfactory 
t:or the analysis or germanium content. 
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